The metabolizable protein (MP) feeding standard for lactating cows represents a balance between animal requirements for metabolizable amino acids (MAAs) and their fulfillment by diets composed of a wide variety of feedstuffs. One additional measurement for feedstuffs, the .urea-fermentation-potential (UFP), is utilized when urea is a part of the diet. Although the MP standard is an amiho kei'd (AA) standard, nevertheless, an alte/'fiativd ~if~gle-value MP standard was approximated ~H~out resorting to calculations for each ess~iatlal 'AA. The net protein (NP) of body origin ifi the feces was estimated to be 12 g/kg 0~ dry matter (DM) consumed. This amount Was regarded as a feedstuff expense of digestion reducing the quantity of MP available for productive purposes such as lactation. The estimation of rumen microbial protein synthesis as 10.4% of total digestible nutrients (TDN) is based upon three evaluations. The first is that 52% of ration TDN undergoes digestion within the rumen. The second is that 25% of the digested TDN is transformed into microbial crude protein when adequate nitrogen is present. The third evaluation is that 80% of the microbial protein is alpha-amino. The 80% true digestibility value for abomasal microbial protein synthesized within the rumen is based upon cattle and sheep metabolism trials. Semi-purified diets
devoid, of alpha-amlno protein were fed in these trials from which the metabolic protein in the feces was compLlted and subtracted using an average nonruminant value. Additional MP and MAAs arising, from diets balanced with positive and negative UFP feedstuffs are of significance and are illustrated with an example diet. The conclusion is reached from examination of UFP values assigned to 100 feedstuffs that approximately 20% are capable, and 80% incapable, of being benefited by urea or other forms of nonprotein nitrogen.(NPN). This is based upon the results of the feeding standard that only those feedstuffs or diets containing less natural protein than 13 to .14.5% of TDN are capable of being benefited by NPN supplementation. The amount of the benefits is in direct proportion to how much the natural protein falls below the 13 to 14.5% level, provided this level supplies lactation requii'ements and the UFP of the diet is not exceeded. Where protein requirements exceed 13 to 14..5% of TDN and the diet contains less natural protein than this amount, the standard predicts that urea supplementation will be beneficial but less so than natural protein.
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INTRODUCTION
Thq metabolizable protein (MP) or metabolizable amino acid (MAA) feeding standard for cattle and sheep was presented by Burroughs et a/. (1974a, b) for a limited number of feedstuffs. This standard is an amino acid (AA) system of evaluation involving animal requirements and their dietary fulfillment. Measurement units of MAAs are employed as specific quantities of absorbable AAs in the postruminal portion of the digestive tract. An important feature of this standard is its ability to predict the quantity of urea Or nonprotein nitrogen (NPN) that can be useful with given amounts of a feedstuff or combination of feedstuffs 933 JOURNAL OF ANIMAL SCIENCE, Vol. 41, No. 3, 1975 included in ruminant diets. This feature is called the urea-fermentation-potential (UFP). The balance in the standard between body requirements and their fulfillment was based upon feeding trial performance data of cattle fed measured quantities of natural or purified diets (Burroughs et al., 1973; Oltjen et al., 1972; Virtanen, 1966) . Other data involving a considerable amount of ruminant digestive physiology were utilized in transforming the feeding trial production data into MAA values for use in the standard. The exactness of these transformations is of importance in judging the soundness of the standard as a useful tool in feeding practice. One purpose of this paper is to present in greater detail the physiological basis upon which these~ mathematical values were established. A second purpose is to present additional values for a wider range of ruminant feedstuffs available for inclusion into lactation rations with or without urea additions.
VALUES IN ESTABLISHING MAA BODY REQUIREMENTS
The mathematical values developed in the establishment of MAA body requirements of cattle are described in some detail by Burroughs et al. (1974a, b The 53% loss in metabolism in the requirement tables of Burroughs et al. (1974a, b) for body tissue maintenance and growth is a minimal loss ascribable only to the more limiting essential MAA for any given diet. It was based upon the estimated total sulfur-containing AA of diets described by Oltjen et al. (1972) and Burroughs et al. (1973) . Similarly, the 5% loss in metabolism for lactation was also based upon the sulfur-containing AAs and histidine making use of diets described by Virtanen (1966) . The metabolism losses suffered by MP and the less critical AAs are greater than those suffered by the more critical AAs. This computation is illustrated in table 1 by performance data of 550-kg cows producing 23.6 kg of milk (3.5% fat) daily. The cows consumed recorded amounts of a corn silagetype ration described by Huber et al. (1968) as a low DM silage control diet.
If a diet was fed in which the sulfur-containing AAs and histidine were no longer most limiting, the efficiency of these AAs would be less, and the most limiting AAs of this diet would be expected to have an efficiency of 95%. The most limiting AAs in any diet, irrespective of which AA is involved, would be expected to have this degree of utilization. Despite differences in utilization of less critical essential AAs absorbed from different diets, the body requirement for the most critical AAs for a given function would be expected to remain constant and not be influenced by the type of diet fed.
The physiological basis for the much smaller losses in metabolism for MP and most of the essential MAAs for milk protein compared with tissue protein formation is not fully understood.
COEFFICIENT VALUES IN ESTABLISHING MP, MAA AND UFP VALUES FOR FEEDSTUFFS
The methods utilized in establishing MP, MAAs and UFP values for the 100 feeds listed in tables 2 and 3 were similar to those utilized 
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by Burroughs et al. (1974a, b) for a more limited number of feedstuffs. These methods can be briefly summarized by three formulas with accompanying values for corn grain to illustrate their use.
( Where: P1 = g of undegraded alpha-amino protein entering abomasum from 1 kg feed DM (g crude protein in 1 kg feed • fraction undegraded). P2 = g of abomasal microbial protein limited to g of rumen degraded protein and .104 times the g of TDN in 1 kg feed DM (smaller value of two). P3 = total g of rumen degraded protein/kg feed DM whose ammonia contributed to the total rumen pool (g crude protein in 1 kg feed • fraction degraded).
15.0 = abomasal protein required to satisfy the metabolic fecal protein of body origin (1.92 x 6.25/.8).
.90 = fraction of undegraded protein truly digested postruminally.
.80 = fraction of microbial protein truly digested postruminally.
Estimates of protein degradation in the rumen were made based upon in vitro and in vivo data appearing in the literature. The in vitro data, beginning with that of Pearson and Smith (1943) up to the more recent work of Wohlt et al. (1973) , were reviewed with respect to protein solubility and feedstuffs. The in vivo data of Pitzen (1974 and others using abomasal cannulated animals and analyses of digesta postruminally were used to some extent in estimating feedstuff protein degradation. Also, feeding trials with young growing cattle making use of the MP system were utilized in further appraising protein degradation. For example, Burroughs et al. (1973) fed four groups of calves for 210 days the following diets: (1) Basal 7.5% protein and 77% TDN in the DM; (2) Basal plus urea to make 10.5% protein; (3) Basal plus urea to make 13.0% protein; and (4) Altered basal with alfalfa to make 10.5% protein. Each diet was fed at approximately the same daily rate (DM = 2.5% body weight). The amount of urea fed to group 2 was estimated to be slightly in excess of satisfying the positive UFP of the basal diet. Group 3 was included for purposes of verifying this estimation. Group 4 was fed supplemental alfalfa protein equivalent to the nitrogen supplied by urea in group .2 for purposes of observing live weight gains responsive to undegraded alfalfa protein. The daily live weight gains for groups 1, 2, 3 and 4 were .71, .97, .96 and .99 kg, respectively. The estimated daily MP supplied by diets 1, 2 and 3 were 354, 497 and 501 g, respectively. These live weight gains and estimated MP intakes were next plotted as a straight line for groups 1, 2 and 3. This straight line was extended to intersect with the point of higher live weight gain made by the alfalfa-fed group in predicting additional MP supplied by supplementary alfalfa protein above that supplied by supplementary urea. This additional MP was 9.6 g per 1.01 kg of alfalfa DM consumed daily per animal. Dividing 9.6 by .9, the estimated digestibility fraction of abomasal alfalfa protein, gave a value of 10.7 g of alfalfa protein reaching the abomasum per kg of alfalfa DM fed. This 10.7 g value is 5% of the 193 g of protein present in each kilogram of alfalfa DM silimar to that listed for the first feed in table 3.
Feeding trial data, in vitro solubility and abomasal protein yields in cannulated animals were combined to obtain crude estimates of ruminal protein degradation appearing in table 3 of this report and table 5 of Burroughs et al. (1974b) . These values deserve critical revision as more satisfactory methods of directly measuring ruminal protein degradation are developed.
The rumen-degraded protein that was resynthesized into microbial protein and which entered the abomasum was limited to 1.04 times the grams of TDN in 100 g of feed DM based upon postruminal digesta analyses (Hogan and Weston, 1967 , 1969 , 1971 Hume and Bird, 1970; Ibrahim and Ingalls, 1972; Lindsay and Hogan, 1972; Pitzen, 1974) . The estimate from these data with semi-purified and natural diets was that about 52% of the TDN (fermentable energy) was chemically altered or microbially digested in the rumen. Approximately 25% of this became microbial protoplasmic crude protein, and 80% of this was alpha-amino protein. Thus, 10.4% (52 x .25 x .80) of the dietary TDN consumed became rumen microbial protein of alpha-amino composition.
The true digestibility value of 90% for undegraded protein entering the abomasum is based upon average values obtained with singlestomached animals (N.R.C., 1968). This value may be somewhat high for undegraded protein since it may be more difficult to digest than the total protein of a feedstuff.
The 80% true digestibility value assigned to rumen microbial alpha-amino protein for use in the MP system is somewhat at variance with higher values reported in the literature. The higher values were determined on isolated dried microbial protein fed to rats (Johnson et al., 1944) . The 80% value was arrived at from calculations using metabolism experiments with cattle and lambs fed semi-purified diets containing NPN and devoid of natural protein (Oltjen et al., 1972; Price et al., 1972) . Microbial protein entering the abomasum was estimated as 10.4% of TDN consumption, and that undigested was estimated by subtracting metabolic from total fecal protein voided. The metabolic fecal nitrogen of body origin was purposely given a value of about 2 g/kg of ration DM consumed. This value is common for single-stomached animals, such as swine. Values 2 to 2.5 times this high have commonly been reported for ruminants (Mitchell, 1962) . It is our view that the previously reported high values are more apparent than real. We believe that the nitrogen present in the feces above this nonruminant level of about 2 g/kg of DM consumed is undigested rumen microbial protein in the feces. This undigested microbial protein could originate from salivary and blood urea entering the rumen when a low-protein ration is fed.
From formula 3, it can be seen that the 15 g/kg of DM requirement of abomasal protein in satisfying the fecal protein need of body origin is an expensive cost of digestion. This is especially true when bulky high-roughage rations limit daily energy consumption, even though supplemented with maximum useful quantities of NPN. This also would seem to explain why low-protein diets supplemented with maximal quantities of useful NPN seem more often to fall short of lactation requirements in the very high-producing cow. For example, 1 kg of roughage DM having a TDN content of 50% and adequately supplemented with urea will result in a maximum quantity of about 52 g (50 x .104) of microbial protein supplied to the abomasum This 52 g will result in a net of about 30 g ([52 -15] • .8) available for absorption as useful MP. By contrast, 1 kg of ground ear corn DM with a TDN of 89 adequately supplemented with urea will supply about 93 g (89 x . 104) of microbial protein to the abomasum. This 93 g will result in a net of about 62 g ([93 -15] • .8) available for absorption as MP. This 62 g is more than twice as much useful microbial MP supplied per kilogram of concentrate DM as compared with the 30 g of MP supplied per kilogram of roughage DM consumed. Corn silage, being about half concentrate and half roughage, likewise falls about halfway between these two values in supplying MP of abomasal microbial protein origin for lactation and other purposes.
ADDITIONAL MP AND MAA FROM DIETS BALANCED WITH + AND -UFP FEEDSTUFFS
The sum of MP or MAA from each feedstuff in the diet does not constitute the total MP or MAA of the diet if it contains both positive and negative UFP feeds. In this case, additional MP or MAA can be synthesized in the rumen from the utilization of excess nitrogen of negative UFP feeds using excess energy of positive UFP feeds. This additional MP or MAA can be calculated as shown by the following example. Assume a cow consumes 13 kg of corn silage and 2 kg alfalfa hay DM daily. She will obtain 720 g MP (13 • 55.4) from corn silage and 95.2 g MP (2 • 47.6) from alfalfa hay. In addition, the corn silage supplies +83.2 g UFP (13 • 6.4) while alfalfa supplies -85.6 g UFP (2 • --42.8).
The smallest absolute value of the negative and positive UFP determines the maximum synthesis of MP or MAA. In this example, the positive UFP of 83.2 g limits MP production. The excess energy of the positive UFP of corn silage can form MP t~sing the excess negative UFP of alfalfa hay to donate nitrogen. An additional 185.1 g of MP (83.2 x 2,225/1,000) will be formed by this diet. The factor 2,225/1,000 is the amount of MP from 1 g of urea equivalent (table 3) . Thus, the total MP of this diet will be 1,000.3 g (720.0 + 95.2 + 185.1).
The urea recycled into the rumen via saliva and the blood bathing the rumen wall is assumed to act in much the same manner as dietary urea. This assumed similarity is also true for negative UFP of feeds which are satisfying positive UFP of other feeds. The quantity of MP that can arise from this recycled urea is variable for different diets. It can be large and of considerable usefulness to cattle subsisting upon diets sufficiently low in protein to be deficient. The MAA requirement tables (Burroughs et al., 1974a, b) , however, do not give credit to MP arising from recycled urea. It was assumed that when the protein requirement for lactation was met, the diet contains sufficient protein such that gains of nitrogen into the rumen via urea of body origin are assumed to be equal to or smaller than losses across the rumen wall into the blood stream.
ADDITIONAL MP AND MAA FROM OTHER NPN OR "'SLOW-RELEASE" UREA WHEN FEED INTAKE IS INCREASED
The usefulness of supplementary NPN other than feed-grade urea, such as Starea, biuret, ammonium salts and ammoniated materials, can be computed on the same basis (TDN + protein degradation) as that computed for UFP values. The actual numerical values computed for each material, however, will differ to the extent to which their nitrogen content differs from that of feed-grade urea. Whenever one of these materials stimulates TDN consumption beyond that obtained with feed-grade urea, then superior production would be expected. For example, Helmer et al. (1970) noted increased lactation when Starea feeding resulted in increased TDN intake. It thus seems obvious that any NPN product that has palatability characteristics superior to feed-grade urea may oftentimes give superior performance. This superior performance may be due to the energy influence per se or the energy influence upon greater MP and MAA synthesis by rumen microorganisms. The reverse of this also seems clear. That is, whenever an NPN product has palatability properties which reduce TDN intake, as compared with that obtained with feed-grade urea, poorer animal performance will be expected. This appears to have been demonstrated in a cattlegrowth trial by Harris et al. (1973) .
FEEDSTUFFS AND DI ETS MOST BENEFITED BY NPN ADDITIONS
Examination of the UFP values for 100 feedstuffs in table 3 reveals that only about 20% are capable (positive UFP values) of being benefited by urea. They also reveal that about 80% are incapable (negative UFP values) of being benefited by urea and, thus, other NPN supplementation. Two general classes of feedstuffs seem to have the greatest capabilities of being benefited. The first of these are the high-energy feeds (TDN>80) with less than about 12% protein in their DM. The second class is the high-cellulosic feeds (TDN<60) with less than about 7% protein in their DM. Both classes of feedstuffs benefited most by urea can be characterized further as each having natural crude protein levels of less than about 13 to 14.5% of their TDN content. The UFP portion of the MP feeding standard supports the generalization that feedstuffs with less natural proq tein than 13 to 14.5% of their TDN have the capability of being identified by NPN supplementation. The amount of benefits is in direct proportion to how much the natural protein falls below the 13 and 14.5% level. That is, provided this level supplies lactation requirements and the UFP of the diet is not exceeded. Conversely, the feeding standard suggests that diets containing more than about 13 to 14.5% natural protein in their TDN lack capability of being benefited by NPN supplementation unless additional TDN consumption results. Where protein requirements for lactation exceed about 13 to 14.5% of TDN and the diet contains less natural protein than this amount, the standard predicts that urea supplementation will be beneficial but less than that of natural proteins.
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